Kennesaw State University

DigitalCommons@Kennesaw State University
Master of Science in Integrative Biology Theses

Department of Ecology, Evolution, and
Organismal Biology

Summer 8-3-2022

The Effects on Soil Fungal Community of Excluding select Aboveground Herbaceous Species in a Montane Longleaf Pine Savanna
Restoration Area
Sean Davis

Follow this and additional works at: https://digitalcommons.kennesaw.edu/integrbiol_etd
Part of the Integrative Biology Commons

Recommended Citation
Davis, Sean, "The Effects on Soil Fungal Community of Excluding select Above-ground Herbaceous
Species in a Montane Longleaf Pine Savanna Restoration Area" (2022). Master of Science in Integrative
Biology Theses. 84.
https://digitalcommons.kennesaw.edu/integrbiol_etd/84

This Thesis is brought to you for free and open access by the Department of Ecology, Evolution, and Organismal
Biology at DigitalCommons@Kennesaw State University. It has been accepted for inclusion in Master of Science in
Integrative Biology Theses by an authorized administrator of DigitalCommons@Kennesaw State University. For
more information, please contact digitalcommons@kennesaw.edu.

The Effects on Soil Fungal Community of Excluding select Above-ground
Herbaceous Species in a Montane Longleaf Pine Savanna Restoration Area
A Master of Science in Integrative Biology Thesis by Sean Davis
Kennesaw State University
College of Science and Math
Department of Ecology, Evolution, and Organismal Biology
July 2022

Sean Davis

1

Contents
Background: ......................................................................................................................................................................... 3
Goals ................................................................................................................................................................................ 5
Hypotheses & Predictions ............................................................................................................................................ 6
Materials and Methods: ...................................................................................................................................................... 6
Study Site ......................................................................................................................................................................... 6
Big picture........................................................................................................................................................................ 9
Block Design ................................................................................................................................................................. 10
Samples .......................................................................................................................................................................... 11
Analysis .......................................................................................................................................................................... 11
Block configuration...................................................................................................................................................... 12
Discussion: ......................................................................................................................................................................... 25
Integration Statement: ...................................................................................................................................................... 28
Acknowledgements:.......................................................................................................................................................... 29
Literature Cited:................................................................................................................................................................. 29

Sean Davis

2

Background:
Prior to European settlement in North America, longleaf pine (Pinus palustris Mill.) forest ecosystems spanned
over 360,000km2. However, due primarily to anthropogenic pressures, by the 1990s longleaf forests were
down to about 3% of its peak area (NRCS., n.d.; Landers, Van Lear, & Boyer, 1995; Kressuk et al., 2020).
Humans value longleaf pine trees for their high-quality pine tar; rosin; turpentine; and lumber that is resistant
to fire, disease, insects, and wind (Peet & Allard, 1993; Johnson & Gjerstad, 2000). Furthermore, across the
longleaf pine range there are over 180 species of rare plants, due in part to a large plant diversity associated
with longleaf pine savannas (Walker, 1993). Estimates for numbers of ground cover plant species in longleaf
habitats range from 150 to as many as 300 per acre. Many endemic fauna call longleaf pine ecosystems home,
including 60 percent of amphibians and reptiles found in the southeastern United States (Way, 2019).
The key feature that maintains a longleaf pine ecosystem is fire. As Peet and Allard (1993) describe, longleaf
pine successional forests, in the absence of fire, will struggle to persist. Broadleaf trees will thrive in firesuppressed forest and shade the sun-loving pines. Leaf litter will build, without regular fires to consume the
flammable organic matter, fueling super fires that are less survivable for most plants, including longleaf pine
seedlings and saplings.
Two ecosystem types have been recognized across the longleaf pine range; coastal plain and montane forest,
within which are further distinctions based on soil texture and moisture regime (Peet & Allard, 1993). There
is less research on the montane longleaf pine forest relative to the coastal plain (Kressuk et al., 2020). The
research presented here took place in the montane longleaf pine forest ecosystem type and will help expand
understanding of montane longleaf ecosystems. In both system types understory vegetation diversity is high
and a frequent fire regime is necessary for pine proliferation (Jose, Jokela, & Miller, 2007). Regular fires
remove shrubby and woody understory vegetation creating a pine savanna with grasses and forbs comprising
most of the understory (Peet, 2007).
Restoration of longleaf pine savannas is difficult as the vegetation communities constitute a mosaic across the
longleaf range. While savanna might describe the bilayer orientation of the habitat, the plant community
differs across regions. For this reason, vegetation description is important wherever longleaf pine
communities exist (Peet, 2007). Similarly, the description of a longleaf pine ecosystem would be incomplete
without description of microbial taxa.
It is well known that soils play an integral role in ecosystem function, in large part due to the communities of
microorganisms. A square meter of forest soil may contain bacteria, viruses, microarthropods, nematodes,
and fungi altogether numbering in the billions of individuals (Fortuna, 2012), collectively referred to as the
microbiome. Indirect benefits of the soil microbiome include organic matter decomposition and soil carbon
storage (Lange et al., 2015).
This project is part of a larger study looking at interactions between the below-ground (soil microbiome) and
above-ground (plant communities) components of a longleaf pine community that is actively being restored.
Specifically, for this aspect of the project, we are interested in the soil fungal microbiome and how it may be
modified by changes in the aboveground plant community.
Fungi are important components of the soil microbiome and comprise a large and essential piece of the
world’s biodiversity (Peay, Kennedy, & Bruns, 2008). Specific functions of soil fungi include symbiosis with
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plant roots (mycorrhizae), organic matter decomposition (saprophytes), soil carbon storage, and pathogenesis
(Constable et al., 2001; Newcombe, 2009; Blackwell, 2011; Lange et al., 2015; Liu et al., 2022a). Mycorrhizal
(root-fungi) associations are symbiotic liaisons in which plants exchange photosynthesis derived
carbohydrates for nitrogen, phosphorous, calcium, potassium, and/or water (Smith & Read, 2008). Most
mycorrhizal fungi are either ectomycorrhizal fungi or arbuscular mycorrhizal fungi. Ectomycorrhizal fungi
(EMF) have hyphae that do not enter plant root cortical cells. EMF often associates with conifers,
associations with other vegetation is common. Arbuscular mycorrhizal fungi (AMF), whose hyphae do enter
the cortical cells of plant root tips, are the most abundant type of mycorrhizae. It has been estimated that up
to 85% of plants that form mycorrhizal associations interact with AMF (Brundrett & Tedersoo, 2018). There
are other types of mycorrhizae that are beyond the scope of this research and we will not be distinguishing
fungi by functions or services.
It has been established that vegetation often strongly associates with specific soil fungi operational taxonomic
units (OTUs) (Toju et al., 2013; Hopkins, Semenova-Nelsen, & Sikes, 2021; Wang et al., 2021; Zhao et al.,
2021). Operational taxonomic units or OTUs are frequently used in ecological contexts as substitutes for taxa.
OTUs are clusters of organisms with DNA sequence similarities. Thus, by extracting and analyzing the DNA
of a sample, researchers can use OTUs as a close analog to a taxonomic group such as a species. Using OTUs
Baruch et al., (2020) found mycorrhizal communities are specific to vegetation communities and Y.-L. Qiu,
(2006) aggregated studies that linked specific plants to preferred mycorrhizal fungal types and taxa (Y.-L. Qiu,
2006; Baruch et al., 2020). Liu et al., (2022) suggested higher saprophytic and mycorrhizal soil fungi diversity
promote vegetation community stability during extreme events, such as droughts (Liu et al., 2022b). Recent
research has indicated that changes in above ground land use impact soil fungal communities (Hagenbo et al.,
2018).
I used OTUs in this study as a mechanism to characterize the soil fungal microbiome community. There may
be more than 5 million species of fungi and fewer than 200,000 have been described (Blackwell, 2011;
UNITE, n.d.). As described fungal OTUs are sequenced, their sequences are archived in curated databases
such as UNITE (https://unite.ut.ee/index.php) and under standardized protocols, such as Resource
Description and Access (https://www.librarianshipstudies.com/2017/07/resource-description-and-accessrda.html). It is not uncommon to have a high percentage of unknown taxa as a product of DNA extraction
and sequencing.
Phillips, et. al. (2013) noted that forests in which EMF is the most abundant mycorrhiza type tend to have
slower rates of leaf litter decomposition (Figure 1) (Phillips, Brzostek, & Midgley, 2013). The longleaf pine
ecosystem is EMF dominated due to abundance of pine trees, and frequent fires are necessary in part to
consume the excess leaf litter. Infrequent fires lead to more severe fires resulting in more tree mortality which
may allow more saprotrophic fungi to colonize the soil (Owen et al., 2019). If fire removes a tree, the EMF
community may shift because of tree-EMF specificity (Dove & Hart, 2017).
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Figure 1. Nutrient economies of AMF and EMF (here referred to as AM and ECM, respectively) temperate forests, with legend text,
Reprinted from New Phytologist Volume 199, Issue 1 (pages 41-51), by R. P. Phillips, 2013, New Phytologist Trust. Copyright [2013]
by Phillips et al. Reprinted with permission.

Different habitat types have different nutrient economies. The restoration plot at SWMA should resemble the EMFdominated habitat type while more densely forested areas are more likely to resemble the AM-dominated habitat type,
due to broadleaf-to-pine ratio (stem count) in each area.

Previous research has found that tillage may disrupt hyphal networks and remove symbiotic plants, which can
deprive fungi of their preferred plant species, and decrease soil fungal diversity (Köhl, Oehl, & Van Der
Heijden, 2014). A recent study showed that the inclusion of certain plant species has an impact on the soil
fungal community and specifically the arbuscular mycorrhizal fungi; demonstrating that plants can shape the
soil microbiome (Pineda et al., 2020). It has also been shown that plant community structure may better
explain microbial community composition than edaphic conditions (Reese et al., 2018).
For this project, I had the following goals:

Goals
1. Begin to describe the soil fungal community of the montane longleaf pine at Sheffield Wildlife
Management Area (SWMA)
2. Describe soil fungal community characteristics with respect to topographical position within forest
types at SWMA
3. Describe changes to the soil fungal community after the removal of the dominant and second-most
dominant ground cover plants in the restored longleaf pine savanna
In this research I asked the following questions:
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1. Do changes in vegetation community affect the soil fungal microbiome?
a. Is there a difference in soil fungal community between the closed forest and more open
savanna restoration sites?
b. Do fungal communities differ based on aspect (e.g., north versus south facing slopes)?
c. In the restoration area (savanna) is there a different effect of removing a dominant species
compared to another less abundant species?

Hypotheses & Predictions
•
•
•
•
•

H1: the closed forest will differ in soil fungal community composition compared to the open
savanna restoration area
H2: fungal communities will differ based on aspect.
H3: the removal of the dominant plant understory species will result in changes to the relative
abundance of OTUs of soil fungi.
H4: the removal of the dominant plant species will result in proportionally larger changes of relative
abundance of some OTUs of soil fungi than removal of the second-most dominant plant species.
H5: by removing the dominant or second dominant plant species in our test subplots, soil fungi
relative abundances will change relative to control and disturbed subplots.

To test these hypotheses, I used collected soil data from closed forest and savanna areas (see below); and
within the savanna restoration area, set up several blocks in a longleaf pine savanna. I then subjected the
blocks to four sets of treatments: control; disturbance; removal of all members of a species of common forb
(Pityopsis nervosa (Willd.)); and removal of all members of a species of grass (Andropogon sp.). I collected soil
samples pre- and post-treatment and extracted DNA from soil samples. A third-party lab sequenced the ITS
DNA and identified family, genus, and species of fungi in the soil samples, where possible.
Materials and Methods:

Study Site
This investigation was conducted at Sheffield Wildlife Management Area (SWMA), an area managed by the
Georgia Department of Natural Resources (GDNR) in unincorporated parts of Paulding County in Georgia’s
Piedmont region (Peet, 2007). Restoration efforts at SWMA includes prescribed burning, as well as hardwood
thinning and herbicide treatment (Waters, 2020).
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Figure 2. Map of Sheffield Wildlife Management Area (SWMA)and surrounding region of Georgia. Inset
shows the range of the longleaf pine habitats within the southeastern United States. Created in ArcGIS Pro
(Esri 2022).
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Figure 3. Map of SWMA. Georgia Department of Natural Resources, 2019.
https://georgiawildlife.com/sites/default/files/wrd/pdf/maps/Sheffield%20WMA%20Map.pdf (accessed on
5/30/2022).

Figure 4. Map of restoration savanna and research blocks’ location within SWMA. Satellite imagery shows
visible ground in savanna and is a marked difference from covered/forested sections where only canopy is
visible from above (lower right, across road). Created in ArcGIS Pro 3.0.0 (Esri 2022). World map source:
Esri, Maxar, Earthstar Geographics, and the GIS User Community.

Sean Davis

8

The SWMA has two land cover types: closed-forest and savanna. The closed-forest area is a mixed broadleafconifer forest with a denser canopy than the savanna. Some of the closed-forested areas are a result of years
of anthropogenic fire suppression which has allowed broad-leaf tree species to shade out longleaf pines. This
cover type encompasses most of SWMA. Quercus rubra L., Oxydendrum arboreum L., Pinus palustris Mill., Pinus
virginiana Mill., Acer rubrum L., and Nyssa sylvatica Marshall, in no particular order, comprise most of the tree
community in the closed-forested areas.
In 2007, the GDNR began restoring some areas back to a savanna type habitat using prescribed burning
(Klaus et al., 2020). The restoration area in SWMA has an open canopy with several pine species, including
longleaf pine, Virginia pine (Pinus virginiana, Mill.), and loblolly pine (Pinus taeda L.), as well as the broadleaf
species sweetgum (Liquidambar styraciflua L.). The ground cover vegetation has several communities including
sections dominated by bracken fern (Pteridium) or blueberries (Vaccinium). The areas chosen for this study are
dominated by Grass-leaved Goldenaster (Pityopsis nervosa).
The area soils are described as “Fruithurst-Braswell complex” (low in organic matter, high in clay content)
and “Ultisol pine savanna” (high in clay content). Paulding County, GA has an average of 81 days/year with
greater than 2.5mm precipitation (Natural Resource Conservation Service,
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSu2.rvey.aspx 4/28/2021). The elevation at the
restoration savanna at SWMA is approximately 290m.

Big picture
H1-H2:
For the larger part of this study, to address the first two hypotheses (H1 & H2) and investigate overall
differences in the savanna and closed forest communities, plots of 10 m × 30 m were set up on north and
south facing slopes with west facing slopes replacing north facing slopes in the restoration area, due to lack of
appropriate north facing slopes. For each plot, three consecutive 10 m2 subplots were made going up and
down the slope. This resulted in upper, middle, and lower subplots within the overall 300m2 plot. Diameters
at breast height were taken for all live trees at least 1.37 m in height. All trees were identified to species.
Relative tree density, (reported at the tree family taxonomic level to align with fungal taxa used), was
calculated for each subplot for which we also have soil microbial data (unpublished data, Sutton 2020).
Soil samples were obtained from both north facing and south facing hillsides within each plot if the landscape
allowed, and each hill was divided into upper (U), middle (M), and lower (L) sections; the designation of
upper and lower sites being 10 m above and below the midpoint of the plot. Sterile plastic tubes were pushed
into the soil a standard distance as measured by the 40 mL mark on the tube to collect soil samples. A total of
3 samples, from the upper, middle, and lower sections respectively, were collected per plot.
DNA extractions were performed on soil samples collected from the Sheffield WMA using a protocol
modified from the DNeasy® PowerSoil® Kit by QIAGEN. Five subsamples were derived from each of the
upper, middle, and lower soil samples for all six sites, which has been estimated to provide a total of ninety
subsamples.
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For hypothesis 1 and 2 (described above) we are investigating potential overall differences in the soil
microbiome community with existing changes in the aboveground plant communities. Hypotheses three
through five (H3-H5) address the experimental part of the research, where we investigated the effect of
modifying the aboveground plant community on the composition of the fungi of the soil microbiome.

Block Design
H3-H5:
To address hypotheses 2 through 4 and test the effect of aboveground plant species removal on the
composition of the soil fungal microbiome community, I determined the relative abundance by of the grassy
and forb vegetation growing under the longleaf pine within the savanna restoration area.
I determined ground cover species dominance within grassy areas via percent coverage estimates and set up
six randomized blocks of about 6 meters squared (5.95m2) within the restored savanna at SWMA.
Six randomized locations were determined using ArcMap 10.7.1(ESRI, 2021) in the restored savanna habitat
at Sheffield Wildlife Management Area near 693,089.08E 3,769,089.72N. Seven sets of six random points
were ground-truthed until 6 sites were confirmed to have similar vegetation communities (dominant and
second-dominant ground cover plant species). At each of the 6 chosen locations, a 2.44-meter × 2.44-meter
block was set up. Within each block, ground cover estimates were recorded. The percentage of the block a
species appeared to cover was recorded for every plant species in the herb and shrub strata. These estimates
were taken in June 2021, during the growing season. A small trench 10 cm deep was dug to set edge liners
into the ground to outline each block. The block was lined with four coated-steel liners 2.44 m × 0.1 m (total
area = 2.44 m2). The steel was powder coated to prevent oxidation of the steel from affecting the microbiome
community and soil chemistry. Additionally, steel, as opposed to wood or plastic, was chosen to limit
combustion in case of fire. Within each block four subplots were established of 50 cm × 50 cm, marked by
aluminum stakes on all corners (and connected via twine, creating a visible outline of the subplot). Each
subplot constitutes a treatment replicate. The subplot treatments were repeated for each of the six blocks.
The following treatments were established (see Figure 5):
A.

control (no treatment)

B.

disturbed with digging/simulated plant pulling; no plants removed

C.

all individuals of the dominant plant species manually pulled

D.

members of the second-dominant plant species manually pulled

Each subplot was identified by its block (1-6) and its treatment (A-D). Each block contained one replicate of
each treatment. Thus, each treatment was repeated 6 times, once in each block. To decrease the bias in
selection of treatments for each of the subplots, subplot treatments were randomly assigned starting with the
southeastern subplot within a block and proceeding clockwise.
At the start of the experiment, all individuals of the dominant and second-dominant species were removed by
hand from each corresponding subplot. Subplots were revisited monthly during the growing season (from
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initial treatment through November 2021), then bimonthly thereafter to remove any new growth of these
species and maintain the treatment. Plant pulling was performed by hand and care was taken to extract as
much of the plant and root as possible without unreasonably disturbing the soil. Where possible, soil
extracted with roots was replaced by shaking or physically removing soil off roots and returning it to where
the plant was pulled within the subplot.

Samples
Soil samples were collected from each Treatment before, during, and at the conclusion of the project. The
initial sample serves as a baseline (i.e., t = 0). All samples were compared to the baseline soil microbiome
community composition as well as the controls (Treatment A in each Block).
Soil samples were taken from 5 places within the subplots. All four corners and the center of the subplot
were sampled. The total amount of soil collected was about 50 grams at a time per subplot. The soil samples
were taken by plugging an inverted sterile 50 mL centrifuge tube into the sampling location to about the 40
mL gradation on the tube (this volume is not equal to 40 mL and was only used as a reference for
consistency). The same tube would collect from all five collection points within a subplot and a similar
volume was approximated. The tubes were not emptied between sampling of the 5 points in each soil
collection. A new tube was used per subplot. The tubes were labeled with the date, Block and Treatment. The
centrifuge tubes were kept in a cooler with ice packs until brought back to the lab (on the same day) and put
in a freezer until the DNA could be extracted.
Initial soil samples from each subplot were collected prior to treatment in June 2021 and after treatment in
September 2021, November 2021, and March 2022.
The DNA was extracted according to the protocol for Qiagen’s DNeasy Power Soil Kit (Cat. No. / ID:
47016) and the extracted DNA was sent to LCSciences for sequencing
(https://www.lcsciences.com/discovery/applications/genomics/16s-rrna-gene-sequencing/).
LCSciences used Internal Transcribed Spacer (ITS) gene sequencing for analysis using the Illumina MiSeq
platform. They compared resultant reads with established curated databases for matching OTUs for
identification.

Analysis
H1-H2:
To address question 1a., I first pared the raw dataset of 175 fungal families to only those fungal families that
were present in at least 10% relative abundance at any one site. This was to simplify analysis. There were 19
fungal families that met this filter. These OTUs were sequenced by LCSciences in 2020. I took tree species
data collected by the Sutton lab and organized them by family to match the organizational structure of the
fungi. This data was collected to describe tree communities should there be significant differences between
fungal communities by habitat type.

Sean Davis

11

Welch’s t-tests and Wilcoxon rank sum exact tests were run using R (R Core Team, 2022) to get p-values, test
statistics, and degrees of freedom on relative abundances for fungal family taxa and unclassified fungi (fungi
unable to be sequenced to a family and treated as a single family) for all closed-forest samples against all
savanna samples. A significance threshold of 0.05 with a Bonferroni correction (divided by 19, or p<0.0026)
was used to determine if these communities were different.
To further distinguish if the two habitat types produced differing communities, Shannon indices were
calculated for the top 19 fungal families across all forested and savanna plots (alpha diversity), gamma
diversity was calculated for all forested plots and again for all savanna plots.
Welch’s T-tests were used to compare fungal communities by aspect in the forested and savanna habitats.
Diversity (Shannon index) was also calculated.
H3-H5: Results from DNA sequencing identified the fungal OTUs of each treatment type at the requisite
point in time (before treatment in June of 2021 and during treatment in September 2021; November of 2021;
and March of 2022). OTU taxa used for this analysis were species and genera. The top 30 species were used
to identify any outlying relative abundance values in a horizontally stacked bar graph with Bray-Curtis
distances. Any obvious trends would be investigated with a Kruskal-Wallis test for statistical significance
among treatments. Ordinal regression, analysis of variance between ranks, and Tukey HSD post hoc was also
utilized to compare genera of interest.
I performed a power analysis to determine the minimum number of blocks necessary to detect a significant
difference in the plant and EMF communities between treatments, should a significant difference in Shannon
index (H′) exist.
The power analysis was conducted to find the sample size needed to achieve a power of 0.9 across a range of
probable effect sizes. This power represents a 90% probability of detecting a statistically significance
difference. I used the Shannon index (H′) of fungal diversity as the response variable. The model tested was a
2-way analysis of variance (ANOVA) with block and treatment as factors. Treatment means and withintreatment variances were based on taxa relative abundances with a normal distribution.
I used R version 4.2.1 for all analyses (R Core Team 2022). Within R I used the vegan package for diversity
indices, portions of the power analysis, and Welch’s t-test, and the FSA package for Dunn’s tests (Ogle et al.,
2022; Oksen, et al., 2022; Signorell et al., 2022).
LCSciences produced OTU clustering, species accumulation curve, diversity analysis (alpha and beta),
rarefaction and rank abundance curve, principal coordinate analysis, phylogenetic tree and heatmap products
(See appendix).

Block configuration
Blocks were randomized and chosen based on having similar communities and a lack of obvious rocky
substrate and large tree roots to facilitate insertion of metal edge liners.
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Key:

Pityopsis nervosa

Andropogon sp.

Figure 5. Illustration of block configuration. Block borders are 2.44 m × 2.44 m. Subplot borders are 10 cm × 10 cm.
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Results

SWMA Tree/Soil Fungi relative abundance:
The results from the DNA OTUs indicated differences in the relative abundances of unclassified fungi
(higher in the savanna area) and in the relative abundance of fungi in the Russulaceae family (higher in the
forested areas; Figure 6 and Table 1). With Bonferroni correction to account for multiple concurrent t-tests,
these findings are not statistically significant.
In terms of family diversity, there was some variability in alpha diversity (as measured by a Shannon index
within each sample) among sites (Table 2). Without a clear pattern of one site type (e.g. north versus south
facing slope) showing consistently higher or lower diversity. Overall γ diversity was slightly higher in the
closed forest compared to the savanna restoration area.
The closed forest and savanna sites showed a difference in terms of tree family relative abundance with pines
and sweetgum comprising the entire tree suite in 5 out of 6 savanna plots sampled (Figure 7). In forested
areas, the tree families were less predictable at each plot. Forested areas accounted for 9 out of 10 of the total
tree families present, whereas savanna areas were comprised of 4 out of 10 tree families encountered at
SWMA.

Figure 6. In an analysis of soil fungi relative abundances across two habitat types at SWMA, the resulting graph displays
fungal families by site. All sites have the SH prefix denoting their location is at SWMA. Savanna sites then have the SAV
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designation (no designation for forested sites). Savanna sites are the 6 right-most bars. Next, a cardinal direction
representing the aspect to the site’s slope (N for north, S for south, and W for west) is given. Following slope direction
is a site number (e.g., 6, 10, etc.). Lastly, the orientation on the slope relative to the bigger sampling plot at the site is
listed. U is for upper, representing the 10 × 10 m plot furthest up the slope. M is for middle and L is for the lowest 10 ×
10 m plot. Families are denoted by color and the y-axis represents the proportion of the entire population of the plot.
The savanna sites tend to have more unclassified fungi (fungi unable to be sequenced to a family) (t = 3.50, 11 d.f., pvalue = 0.0049, whereas the forested plots have greater abundance of Russulaceae (t = 3.50, 11 d.f., p-value = 0.0049).

Figure 7. Tree relative abundance, via stem count, displayed by site. Data was collected by identifying to species but to
match the taxonomic organization of family for fungi, family for tree was used. Nyss = Nyssaceae, Pina = Pinaceae,
Faga = Fagaceae, Sapi = Sapindaceae, Corn = Corneacae, Eric = Ericaceae, Jugl = Juglandaceae, Magn = Magnoliaceae,
Alti =Altingiaceae, and Rosa = Rosaceae. All savanna sites are populated only by pine trees and Liquidambar styraciflua
apart from SH-Sav-S-1M which contained members of the Fagaceae and Rosaceae families.
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Fungal Family
Welch's T-test p-value T-statistic
Russulaceae
0.005
3.51
Fungi_unclassified
0.049
-2.55
Ascomycota_unclassified
0.728
0.35
Trichocomaceae
0.161
-1.63
Elaphomycetaceae
0.891
-0.14
Thelephoraceae
0.143
1.547
Cantharellaceae
0.084
1.9
Umbelopsidaceae
0.129
-1.41
Atheliaceae
0.608
-0.54
Gloniaceae
0.188
-1.5
Hydnodontaceae
0.654
0.46
Bankeraceae
0.167
1.48
Amanitaceae
0.733
-0.354
Mycenaceae
0.237
1.114
Cortinariaceae
0.186
1.407
Sebacinales_Group_B
0.222
1.293
Rhytismatales_unclassified
0.365
-0.997
Hydnaceae
0.339
1
Clavariaceae
0.34
-1.05

d.f.
11
5.14
16
5.27
10.29
15.14
11
5.03
6.167
5.8
15.9
11
6.603
11.8
11.56
11
5
11
5

Wilcoxon rank sum exact test p-value W-statistic
0.009696
63
0.001293
4
0.9636
35
0.1246
19
0.3516
46
0.3249
47
0.009144
63.5
0.01347
10
0.2724
24
0.3485
25.5
0.7063
31.5
0.2194
47.5
0.7354
40
0.4527
28
0.7246
40
0.04016
58
0.9425
35
0.5557
39
0.02081
16

Table 1. Welch’s T-test, alongside Wilcoxon rank sum exact test comparing fungal family relative abundances for all
closed sites to all savanna sites. To account for multiple comparisons, a simple and conservative Bonferroni correction
(α/m) with a significant p-value of <0.0026 was used. By this standard, only the Fungi unclassified family is significantly
different between closed and savanna using the Wilcoxon rank sum exact test and no family is significantly different by
Welch’s test. Before Bonferroni correction, and if one tests only for statistical significance in relative abundance of
Russulaceae, for example, between closed and savanna types, there appears to be a statistically significant difference. The
Bonferroni correction is conservative and these results were given added consideration.
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α
1.942
1.961
0.621
1.729
0.424
1.887
1.697
1.791
2.006
1.711
1.361
0.535
1.629
1.502
1.988
1.215
1.279
1.748

Site
SH-N-6U
SH-N-6M
SH-N-6L
SH-S-14U
SH-S-14M
SH-S-14L
SH-N-14U
SH-N-14M
SH-N-14L
SH-S-10U
SH-S-10M
SH-S-10L
SH-SAV-SU
SH-SAV-SM
SH-SAV-SL
SH-SAV-WU
SH-SAV-WM
SH-SAV-WL

γ

2.296

2.267

Table 2. Shannon indices for fungal families by site (alpha diversity) and by habitat type (gamma diversity). Sites without
“SAV” are forested. While alpha diversity is variable, gamma diversity is similar across the two habitat types.

Aspect
Forested north
Forested south

Shannon Diversity
2.364
2.002

Savanna west
Savanna south

2.228
2.329

p-value

t statistic

d.f.

0.92

-0.09

198.45

0.8522

-0.187

131.29

Table 3. Shannon indices for habitat types by slope aspect show similar diversity across aspects. Welch’s t-test comparing
aspects within habitat types indicate fungal families’ relative abundances were not significantly different from one
another.

Block ground cover (grass and forb stratum) estimates:
Because of the natural variation in ground cover along study sites, the pretreatment plant cover was estimated
for each of the blocks and treatments.
The following are descriptions, Tables 4 - 9 of ground cover vegetation for the 6 research blocks at SWMA
included in this study. The ground cover estimates are limited to the vegetation within each block 2.44m2 as
opposed to a typical 1 m2 quadrat. Particular attention was given to each 10 × 10 cm subplot. All descriptions
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given were estimated in the summer of 2021. “Graminoid” refers to second dominant Andropogon (or
Schizachyrium sp.)
Block 1 (estimates taken 8/6/2022) Table 4:

Block 2

Block 1
Treatment
A:
Control
w/o
disturbance

B:
Control w/
disturbance

C:
Removal of
all Pityopsis
nervosa
D:
Removal of
all
Andropogon
sp.

Block 2 (estimates taken 8/9/2022) Table 5:

Ground Cover
graminoid
Pityopsis nervosa
Smilax sp.
bare ground
Polygala sp.
Pityopsis nervosa
graminoid
bare ground
Smilax sp.
viney lanceolate
forb
Polygala sp.
graminoid
Pityopsis nervosa
Smilax sp.
Rubus sp.
bare ground
legume sp.
Euphorbia sp.
Pityopsis nervosa
longleaf seedling
graminoid
bare ground

Percent
Cover
50
25
10
15
1
50
30
20
<5
<5
<5
35
30
10
15
10
10
<5
40
25
20
20

Treatment

A:
Control w/o
disturbance

B:
Control w/
disturbance

C:
Removal of
all Pityopsis
nervosa

D:
Removal of
all
Andropogon
sp.

Sean Davis

Ground Cover
Pityopsis nervosa
graminoid
Stylosanthes biflora (L)
bare ground
iris-like graminioid
Polygonum/Persicaria sp.
Polygala sp.
cone (longleaf pinecone)
Rubus sp.
Chamaecrista nictitans
"soft" graminoid
small-leaved legume (.3
meters high)
graminoid
Pityopsis nervosa
bare ground
Polygonum/Persicaria sp.
ovate-leaved (low
growing) forb
Chamaecrista nictitans
Pityopsis nervosa
graminoid
unknown forb
legume
soft graminoid
small alt-leaved forb
bare ground
Pityopsis nervosa
graminoid
soft "broad-leaved" forb
Smilax sp.
Chamaecrista nictitans
lanceolate/prostrate
purple-ish forb
legume

Percent
Cover
25
25
20
15
5
5
5
5
5
<1
<1
40
25
20
5
5
5
1
40
30
10
20
1
<1
35
25
20
10
5
5
1
1
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Block 3 (cover estimates from 8/9/2022) Table 6:
Block 3
Treatment
A:
Control
w/o
disturbance

B:
Control w/
disturbance

C:
Removal of
all Pityopsis
nervosa

D:
Removal of
all
Andropogon
sp.

Sean Davis

Ground Cover
Pityopsis nervosa
graminoid
Smilax sp.
graminoid (other)
bare ground
Pityopsis nervosa
graminiod
Polygonum/Persicaria
sp.
bare ground
Polygala sp.
Pityopsis nervosa
graminoid
legume
detritus (branch)
bare ground
longleaf pinecone
hirsute rosette
Pityopsis nervosa
graminoid
Smilax sp.
bare ground
forb (other)

Percent
Cover
75
30
10
<1
<1
45
40
10
5
1
40
25
15
15
10
5
<5
55
25
10
10
<1

Block 4 (8/9/2022) Table 7:
Block 4
Treatment
A:
Control
w/o
disturbance

B:
Control w/
disturbance

C:
Removal of
all Pityopsis
nervosa

D:
Removal of
all
Andropogon
sp.

Ground Cover
graminoid
Pityopsis nervosa
Stylosanthes biflora
stone
Chamaecrista nictitans
Polyganum/Persicaria sp.
Pityopsis nervosa
graminoid
legume
Rubus sp.
Chamaecrista nictitans
stone/bark
graminoid
Pityopsis nervosa
Stylosanthes biflora
forb (other)
stone
hirsute rosette (other
forb)
bare ground
graminoid
Stylosanthes biflora
Pityopsis nervosa
legume
Chamaecrista nictitans
bare ground

Percent
Cover
60
30
30
5
1
1
60
40
1
1
<1
1
50
35
10
5
5
1
<1
50
25
20
5
1
<1
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Block 6 (8/4/2022) Table 9:

Block 5 (8/9/2022) Table 8:
Block 5
Treatment

Ground Cover
Pityopsis nervosa
graminoid
Chamaecrista
nictitans
A:
Control
legume
w/o
bare ground
disturbance Vitis rotundifolia
Michx. var.
rotundifolia
forb (other)
graminoid
Pityopsis nervosa
B:
Stylosanthes biflora
Control w/
disturbance legume
Polygonum/Persicaria
sp.
graminoid
C:
Pityopsis nervosa
Removal
Smilax sp.
of all
Polygonum/Persicaria
Pityopsis
sp.
nervosa
graminoid (other)
Pityopsis nervosa
D:
Stylosanthes biflora
Removal
graminoid
of all
legume
Andropogon
bare ground
sp.
Smilax sp.
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Block 6
Percent
Cover
30
30
30
5
5
<5
1
80
30
10
5
<1
80
30
5
5
5
35
25
20
10
10
5

Treatment

Ground Cover
Pityopsis nervosa
graminoid
A:
legume
Control
w/o
bare ground
disturbance vine (forb)
forb (other)
graminoid
Pityopsis nervosa
B:
detritus
Control w/ legume
disturbance Polygonum/Persicaria
sp.
legume
Pityopsis nervosa
graminoid
C:
bare ground
Removal
of all
legume
Pityopsis
Acacia sp.
nervosa
Pinus sp. seedling
Rubus sp.
graminoid
D:
Pityopsis nervosa
Removal
of all
legume
Andropogon Quercus sp. seedling
sp.
Acacia sp.

Percent
Cover
60
30
5
<5
1
1
75
20
10
5
1
<1
40
30
20
10
<1
<1
<1
60
30
25
1
<1
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Figure 8. Horizontally stacked relative abundances for fungal species by treatment type, and Bray-Curtis distance
(dissimilarity) for the top 30 species identified. “PRETXT” was the initial sampling before treatments, collected in June
2021. “TXTA” is the control. “TXTB” is disturbed by digging to simulate plant removal, with no plants removed.
“TXTC” is removal of Pityopsis nervosa. “TXTD” is removal of Andropogon sp. Treatment B (disturbed) appears to have
more “other” species (species outside of the top 30). Treatments C and D (Pityopsis and Andropogon removed,
respectively) have the lowest relative abundance of Ascomycota unclassified. Russula turci, appears be most abundant,
relative to other species, in TXTC which might indicate a negative relationship to Pityopsis nervosa. PRETXT and TXTA
most closely align with one another. TXTC and TXTB are even less dissimilar (more similar).

A Kruskal-Wallis rank sum test derived a p-value of 0.5113 for Russula turci by treatment type (including
baseline sampling as a treatment type), indicating that there is no statistically different Russula turci relative
abundance for any treatment.

Sean Davis

21

Figure 9. Horizontally stacked relative abundances for fungal genera. Notably, Treatment B (control with disturbance)
seems to have the smallest relative abundance for the genus Russula while Treatment D (removal of grass) aligns closely
with the control (Treatment A). The baseline (PRETXT) appears to align with Treatment C (Pityopsis removed).

Looking at the data suggests Treatment B has lower relative abundance among members of the genus Russula.
A Kruskal-Wallis test (results above) determined there to be some significance between treatments.
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Table 10: Using a Dunn post hoc test with a Bonferroni adjustment we see that no single comparison has a statistically
significant p-value (“P.adj”). While falling short, the comparison of Treatment B to Treatment D was closest to
statistically significant.
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Table 11: Results from a Tukey’s post hoc test, above, testing for significant variance for Russula by treatment and block
indicates a significant difference between Treatment B and D. Block 5 showed a strong effect on Russula variance. The
notable observed difference for Block 5 were 2 subplots with the highest estimated groundcover of the graminoid.
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Figure 10. Number of samples (blocks, x-axis) needed for valid significant p-value to support treatment, given power (yaxis) For power to be 0.9, regarded as a strong metric for power in biological statistics, I would have needed over 150
blocks. 150 blocks were well beyond the time, money, and human-power available to this project. Further, the
combination of manual labor necessary to dig trenches for the steel edging, hand pull plants, collect soil samples, and
record percent coverage strained my resources for just 6 blocks.

Discussion:
One of the main goals of this project was to begin to describe the soil fungal community of the montane
longleaf pine in the Sheffield Wildlife management area. I was able to achieve this goal and presented in
Figure 6 and Table 1 a list of families with at least 10% relative abundance at the sites sampled. Notable in
this list was the high relative abundance of the Russulaceae family in the forest (see below) and of the
Elaphomycetaceae in both a forest (SH S 10 U) and savanna (SH SAV S U) plot. The Elaphomycetaceae are
type of sac fungi and a member of the phylum Ascomycota. Additionally, the top 30 genera and top 30
species are listed here (Figures 9 and 8, respectively) to further describe the soil fungal assemblages as they
relate to the restoration area.
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These descriptions are important because soil fungi perform services like breaking down organic material,
potentially as a biocontrol for invasive fungi, and sharing water and nutrients with symbionts (Douhan &
Rizzo, 2003; Hopkins et al., 2021). To this end, these descriptions have added importance due to the
imperiled position of the longleaf pine habitat. To know not only tree and plant composition, but soil
microbe communities too, can help inform further efforts to continue restoration and conservation efforts
for this valuable habitat type.
Preliminary investigations into the montane longleaf pine habitat at SWMA have focused on tree community
composition. This work resulted in data (see Figures 6 & 7) that visually represents different soil community
composition regimes. Of note are the “unknown” and Russulaceae families of fungi.
I found the grouping of unclassified fungi to be significantly different between savanna and closed-forest
sites. This distinction remains unclear, however, as “unclassified” designates this grouping as a family when,
in fact, the components of this family might not be of the same phylogeny. Since the first complete
sequencing of a eukaryotic organism’s genome in 1996, for the fungus Saccharomyces cerevisiae, science has
allowed for the cataloging of DNA fragments. These fragments, or sequences, are used to indicate a particular
protein, a specific function, or even a species. As the genomics of fungi are unraveled, functional traits can be
determined such as a species’ role as a saprophyte, for example. While the repository of sequences need to be
particularly long for us to create an exhaustive catalog, for our purposes we are limited to only those taxa
already known, described, and whose DNA sequences have been elucidated (Young, Weyrich, & Cooper,
2016). There exist many undescribed sequences: taxa to remain unknown or unclassified to us. What my data
can support is that collections of unclassified fungal families differ in relative abundance between savanna and
closed-forest sites.
Relative abundances of Russulaceae for all forested samples against all savanna samples, were not statistically
significant (p-value = 0.0049 > Bonferroni corrected threshold of 0.0026) indicating the communities may
not be different. Still, there appears to be a negative correlation between the disturbed control and
Russulaceae. Of note is the use of the Bonferroni correction’s conservative approach to negate the influence
of chance on multiple p-values. This is to say that the 95% confidence interval (p-value of 0.05) may not
necessarily indicate that there is no biological significant difference between the sites.
The Russulaceae family of fungi can be found throughout temperate and tropical biomes. They are
ectomycorrhizal symbionts in the phylum Basidiomycota and many species are valued by humans for being
edible. A deeper dive into the species for the assemblages at SWMA would be necessary to better describe
ecosystem functions of the family (Looney et al., 2018; Boniface, 2020). The lower abundance of Russulaceae
taxa in the savanna is notable, as the greater proportion of Pinus would lead us to presume it would be more
abundant there as pines favor ectomycorrhiza. However, others have noted, specifically Rasmussen, Busby, &
Hoeksema (2018), there are many oak hosts with which Russulaceae pairs. Indeed, ectomycorrhiza are not
conifer obligates and their presence in the closed-forest portions of SWMA are not unusual. Thus, the
ubiquitous nature of the Russulaceae family at SWMA indicates a need for more inquiry.
There appeared to be no discernible difference in soil fungi community attributable to aspect (Table 3).
For this research I took a closer look, specifically, at the herb stratum. While I have been unable to identify
each species for the current research, we have enough plant type data to indicate composition by relative
dominance and second dominance. Recent findings have concluded that vegetation community and fungal
community are correlated (Yamauchi et al., 2021; Sui et al., 2022).
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In my first attempt at collecting soil fungal community composition, 20 of 34 samples failed to produce
qualified PCR products. This may have been caused by high clay content in the soils. It is also possible that
high percentages of clay content in soils may interfere with soil fungi OTU presence or detection in samples
(Young et al., 2016). Young, et al. (2016) also suggested that high clay content may impede sample
reproducibility, which would make SWMA, with its high-clay-content ultisols, less than ideal for this specific
investigation. In short, the presence of clay may play a key role in our lack of results. But other factors, such
as the shortfalls of ITS (namely a large pool of lineages have yet to be sequenced, sampled, identified, and/or
archived) (Schoch et al., 2012) may also play a role. We subsequently sent a larger sample size (400 ng as
opposed to the initial 80 ng DNA per sample) to LCSciences and all our samples (96 in total) were
sequenced.
Still, Taylor et al.,(2010) found soil samples within a meter of one another share only about 14% of their soil
fungal OTUs in common and that seasonality often reflects big community changes (though year over year,
soil fungal communities are relatively static) (Taylor et al., 2010). The blocks furthest from one another in our
study, blocks 1 and 5, are 100 meters apart. All other blocks are closer to one another than 100 meters,
though none are as close as within one meter. For this reason, I expected community similarity within blocks
(all within 2.44 meters squared) to be reasonably high despite seasonal fluctuations. Since all treatments were
adjacent to a control, my hypothesis should be testable for within blocks. Between blocks, however, Block 5
represented a marked difference from other blocks with respect to Russula relative abundance (Table 11).
Grassy Vegetation Cover
While many studies have investigated plant competition with and without soil fungi presence, e.g. Callaway, et
al. (2003), there hasn’t been much research given to in-situ manipulations where soil fungi are treated as the
dependent variable (Callaway et al., 2003). In treating soil fungi as the dependent variable, we are investigating
what role the plant community plays in shaping soil fungal community. To the contrary, however, it has been
suggested that soil biota, such as fungi, shape plant communities (Sabais et al., 2012). In the absence of a once
dominant species, plant interspecies competition within subplots may benefit the remaining plant species.
This shift in species composition point to a shift in resource allocation (Sabais et al., 2012; Huangfu, Li, &
Hui, 2019). With nutrient cycling and plant composition altered, the likely outcome of an altered soil fungal
community is a reasonable conclusion.
Soil Microbiome differences
The fungal species Russula turci showed an increased relative abundance across Treatment C subplots (Pityopsis
nervosa removed). There does seem to be some difference in relative abundance of the genus Russula among
treatments (Figure 9). The disturbed control (Treatment B) shows less relative abundance for Russula among
all treatments. The difference in relative abundance seems to be smaller between Treatment B and Treatment
C. This could be due to each maintenance trip to the blocks always resulting in some Pityopsis needing to be
removed from Treatment C, whereas after initial treatments, no grass returned (or was unidentifiable as the
target species). The target grass for Treatment D presents as a tuft and identifying as a seedling may be a
challenge, if presenting as a single stem. We were not able to determine any grasses in any of the Treatment D
subplots where the target grass was regrowing. Thus, these subplots were never disturbed after initial
treatments.
Testing for a difference in Russula among all treatments, a Kruskal-Wallis t-test indicates significance
somewhere (p-value = 0.0398), however, upon post hoc testing (Table 10) there did not seem to be a
Sean Davis

27

significant difference. As mentioned earlier, however, the Bonferroni corrections I used are quite
conservative. If significant, simulated digging and disturbance could be impacting Russula disproportionately
to other taxa. This information may have widespread application potential, e.g. in restoration areas where
digging may disrupt native or undesired Russula fungi.
For all comparisons between non-Treatment B variables via Kruskal-Wallis test, the resultant p-value was 1.
The power analysis (Figure 10) shows that more blocks may also give researchers the benefit of being able to
arrive at a more conclusive finding if a statistical difference does exist. For my purposes and based on effect
size of my data, I would not have adequate power to support any effects found. Furthermore, block effect for
the genus Russula, as demonstrated by Tukey’s multiple comparison of means for Block 5 (Table 11), might
have had a larger impact on community relative abundances due to having too few blocks.
This work indicates soil fungal communities have a good deal of resilience and that fungi representing the
family Russulaceae appear to play a large role in these assemblages. Outside of findings that support a
difference in soil fungal communities in closed-forested areas versus savanna areas with respect to
unclassified fungal families, I was unable to reject the null hypotheses for any of my other hypotheses. Given
that fungal communities have been shown to be static from year to year, but less so seasonally, a longer
investigation is merited to see if these communities change annually. I think it may also be beneficial to
describe all members of the Russulaceae family extant at SWMA to determine ecosystem functions and
services to fully understand the dynamics of their presence in the soil communities in longleaf pine habitats.

Integration Statement:
This work integrated organizational scales from the microscopic to the macroscopic as I looked at the effect
on soil fungal microbes of different plant habitats in the longleaf pine ecosystem and at the effect of
removing specific (dominant) plants on the soil fungal community. In the first part of the study, we compared
the closed forest to the open savanna area under restoration, finding that the fungal family Russulaceae was
the main difference with a higher abundance in the forested areas compared to the restoration area.
In-situ field work comprised setting up research blocks and collecting soil samples for lab work. In the lab I
extracted DNA from soil that was then sequenced to derive Operational Taxonomic Units (OTUs) which are
clusters of organisms with DNA sequence similarities, as fungal taxonomic analogs.
Additional analysis utilized GIS for collecting field data, R programming for determining statistical power,
and spreadsheet software for parsing diversity and visualizing differences between samples.
The integration of microorganisms and plants, field data collection and lab techniques, the incorporation of
outside lab services along with our use of in-house spatial and other analytical software all came together to
summarize biological phenomena for this project.
This integration across scales and techniques can help inform how soil microorganisms help shape ecosystem
function (Averill et al., 2021).
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